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The 1ﬁveﬂt10n relates to a cyclone. furnace from which

the ash is discharged in a fluid state before being solidi-
fied in granular form. The invention is more particularly

3 Ed@ 28@
ed Agr.?s? 1955.-
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' accordance #vrth. the mventwm _these particles now will

meet in addition one or more air streams thereby causing

- the particles to re-enter the rotating gas mass where great-

O

10

directed to an upright cyclone furnace having a vertical

axis, with the walls of the combustion chamber thereof

bemg lined with water carrying tubes and into which fuel
is being fed through a plurality of fuel nozzles circums-

ferentially spaced with the fuel streams being tangentially

directed toward the surface of an 1mag1nary firing cylin-

der.
The requires

. through the chimney as ly ash., An additional advantage

of the cyclone slagging bottom furnace is that these
furnaces can be operated with a low percentage of excess

air because of the extremely high furnace temperatures

that must necesearﬂy be maintained in a slagging cyclone
type furnace.

1e11t of preventlng ﬂy ash from pollutmg -
the atmosphere is in many cases the reason why cyclone

slagging bottom furnaces are preferred, since when burn-.
ing pulverized fuel in these furnaces almost the entire ash
content leaves the furnace in lignid form rather than

It is for this reason that dry gas losses
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are much lower and burmng efficiency ccn51derably high- -
er in cyclone slagging bottom furﬂaces than in any other. -

pulverlzed fuel fired furnaces.:

When considering however the experience gamed from
‘operating a large number of slagging type furnaces over

a considerable time, it has been found that the advan-

tages due 1o slaggmg of the ash and due to the higher.
- burning eﬂ‘ic1ency are’ beught at a high price.
found that in the slagging bottom furnaces not all fuelj

is being burned with a sufficient amount of excess air
but that a significant quantity of fuel is being burned in the

It was

ey
<t

- er opportunity exists for the fuel particles to burn in an
_atm03phere containing larger amounts of oxygen.. o
though in the method of burning as disclosed herein the

Al-

total kinetic energy of all the air streams may not be

significantly larger, the secondary air is now distributed

in- such a manner that fuel particles escaping from the

‘rotating gas mass meet several more or less radially di-

rected air streams which cause these fuel parttcles to
return to the rotating gas mass.

The desirable effect of the mventlen can be erlhanced'

_by increasing the number of air nozzles located between -

fuel nozzles. In addition this effect can be accelerated

-b'y utilizing successively hlnher.pressues in the air nozzles
in the direction of rotation.

A similar beneficial effect
can be achieved by gradually decreasing the spacing be-
tween secondary air nozzles in direction of rotation of the
gases. Obviously, some or all of these improvements
can be employed in one and the same installation. |

 Furthermore experience has shown that the fuel |
;partlcles escaping from the rotating gas mass are of larger -
- size than those remaining within that mass and tend to -

sink towards the furnace bottom. In. accordance mth_ ;'

| the invention the air nozzles are therefore located on a

downwardly slanting line or a line which takes the form
of a spiral thereby following the path of the heavier fuel

‘particles that are sinking towards the lower part of the
furnace.

In this manner these particles are being caught.
in one of the secondary air streams, and are thereby
prevented from burning in a reducing atmosphere along

the furnace wall tubes by bemg urged instead into the B

rotating gas mass. |
To maintain the air veleclty sufﬂclently mgh for etﬁmerit. |
combustion af low load, tengue-hke dampers are being

- provided in the secondary air nozzles for the purpose oi R

- altering the. cross-sectional flow area thereof.

40

In furnaces where each fuel introduction comprises two.
or more fuel nozzles' arranged one above the other, with

~these fuel nozzles receiving fuel from a common source,

vicinity of the furnace wall under conditions which are

characterized by lack of oxygen, thereby causing cor-
rosion of the furnace chamber cooling tubes. This cor-

45
rosion necessitates the periodic shutting down of these -

furnaces for replacement of tubes and repair of the
furnace lmmg Such mterruptmns are very costly and :

are obweusly undesrrable

It is accordingly an ob]ect of the mventlcn 10 prevent
or greatly reduce corrosion. of the wall tubes of a slagging

60

bottom cyclcne furnace by dlsceuranmg the burning of
fuel in zones ad]acent such tubes where lack of eaygen o

may occur.

‘These regxcns' of Tow or.ygen are feund primarily at_
locations between fuel nozzles, where fuel particles have

55

succeéeded in breaking out of the rotating mass of burn-

ing gases.

burning along the wall of the furnace chamber in a re-
 duced oxygen atmosphere.

These fuel parttcles accordmgly continue

for example a pulverizer, the secondary air dampers are
in accordance with the invention hingedly . supported on
a vertical axis which permits the cross-sectional area to

-be changed horizontally.

If the rate of combustion in a furnace erﬂamzatmn of
this ‘type is being reduced by lowering the delivery ca-

-~ pacity of the pulverizer, the elevational location of the

III_

lame envelope or flame cylinder in the furnace chamber
does not change appreciably. Accordingly the secondary
air flow must be delivered at substantially the same ele-
vation in the furnaee, although the quan’uty of air may
be reduced. | -
“In other furnaces where each fuel mtreductlon com-
prises two or more fuel nozzles arranged one above the
other, but wherein each fuel nozzle receives fuel from a

‘different source, such as- for mstance from a different

- pulverizer or mill, the aecendary air dampers are, e
accordance with the invention, hingedly supported on a

60

In accordance with the invention ehmrnatmn of this
undcmrable condition can: be achleved by mtroducmg .

“only a minor portlon of the excess air in conventmnally

known manner, i.e. in the- v1c1n1ty of the burners, and in<
troducmg the remaining major portion of the aecondaryf
air at a plurality of points selectrvely located between the -

fuel admlssmn nozzles

65

In cyclone type furnaces of designs as heretefere prac-.

- ticed in the art, pulverlaed fuel partlcles ‘escaping from
the perrphery of the retatmg gas mass, only have to

70

traverse one fuel and air stream in the direction of rota-

tion to reach the furnace chamber wall.

However, in

‘horizontal axis, which pern
. be changed Vertlcallyr

‘able conditions.

divide the secondary air nozzles in accerdance Wlth the-
‘number of vertlcally spaced fuel nozzles. |

its the cross—secttenal area to'

~This is necessary since in furnaces of this type a Te-

- duction of the pulverizer capacity or a shutting down of
‘one of the pulverizers causes the flame envelope or flame

cylinder to alter its vertical location within the furnace
chamber. Accordingly the elevation of the secondary

- air streams must be: adapted to the location of the flame

so that combustion may continue under the most favor-
Furthermore it is desirable to sub-

- With the aferementloaed ob]ects in view the lnventmn o
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comprises a method of operation, construction and com-
bination of elements of a cyclone furnace in such a man-
ner as to attain the results desired as hereinafter more
particularly set forth in the following detailed descrip-
tion of an illustrative embodiment, said embodiment
being shown by the accompanying drawings wherein:

FIG. 1 is an elevational section of a slagging cyclone
type furace incorporating the invention: |
- FIG. 2 is a cross sectional view taken on line 2—2 of
F1G. 1 showing a furnace wherein each fuel burner lo-
cation receives fuel from only one fuel source or pul-
Verizer;

FIG. 3 is a cross sectional view similar to FIG. 2,
however indicating a furnace wherein each fuel burner
location receives fuel from more than one source or
pulverizer;

FIG. 4 is a partial cross section taken on line 4—4 of
FIG. 1 illustrating the manner in which a secondary air
nozzle 1s provided with a damper hingedly supported on
a vertical axis; and

F1G. 5 is a vertical cross section taken on line 5—5 of
F1G. 3 showing the manner in which a secondary air
nozzle is provided with a damper hingedly supported on
a horizontal axis.

The fuel burning organization illustrated in FIG. 1
comprises a combustion chamber 10, having a substan-
tially cylindrical wall of heat resisting refractory material
i1 the fire side thereof being lined with water carrying
and steam generating tubes 12 receiving water from a

circular header 14 which in turn is supplied by feedwater s

from a conventional source, not shown. Fuel and pri-
mary air i1s discharged into the furnace chamber by way
of two sets of fuel nozzles or burners. These nozzles are
arranged at four burner locations A, B, C and D, cir-
cumferentially spaced with each burner location being
provided with two burner nozzles arranged one above the
other. Thus burner locations A, B, C and D are provided
with upper burners 16a, 16, 16c and 16d, respectively,
with lower burners 17a, 17 17¢ and 174, respectively.
These fuel burners are organized to receive pulverized
fuel and primary air from pulverizers 18 and 19 by way
of tuel pipes 28a, 20b, 20c, 28d and 224, 22b, 22¢, 22d,
respectively. A major portion of the secondary air is
introduced into the furnace in accordance with the in-
vention through secondary air nozzles 23 with these air
nozzles being circumferentially spaced between the fuel
nozzle locations A, B, C and D. On the other hand a
relatively minor portion of the secondary air is introduced
adjacent or in surrounding relation with the fuel nozzles
such as through conduits 24. The immediate source of
the secondary air to which conduits 24 and nozzles 23
are connected, is an air duct or plenum chamber 25 which
circumferentially surrounds the chamber 10, and which is
in communication with a supply of heater air, not shown.
As indicated in FIGS. 2 and 3 the fuel streams and air
streams are directed tangentially to the surface of an
Imaginary firing cylinder 26 centrally located within the
combustion chamber. A mass of combustion gases is
produced by the burning of the fuel which gases rotate
in direction of the arrow along a spiral path and which
leave the furnace chamber by way of throat-like outlet
27 and continue on upwardly passing over other heat
absorbing surfaces, not shown. The temperature in the
furnace gases exceeds the fusion temperature of the ash
in the fuel thereby causing the ash to assume liquid form.
Due to rotation of the gases the liquid ash droplets are
expelled by centrifugal force, adhere to the side walls
of the furnace chamber and eventually flow down these
walls, through a slag outlet 28 and into a cooling cham-
ber from which these ashes are removed in granular form.

As earlier set forth herein cyclone type furnaces are
operated at a relatively high temperature and with rela-
tively low excess air. Due to the cyclone action of the
gases a deficiency of oxygen is experienced along the
wall of the furnace chamber causing the burning of some
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of the fuel in a reduced atmosphere. Such burning has
been found to be the cause of considerable corrosion
damage to the cooling tubes 12 of the furnace 10 and re-
quires the shutting down of the furnace at periodic inter-

vals for the purpose of replacing damaged portions of
the furnace wall.

In accordance with the invention the undesirable burn-
ing of fuel particles in the neighborhood of the wall and
corrosion damage of the tubes 12 is greatly reduced by
providing introduction of the major portion of the second-
ary air by way of secondary air nozzles 23 circumferen-
tially located between fuel nozzles 16a, 165, 16c, 16d
and 17a, 17b, 17c, 17d. As earlier pointed out this will
cause any fuel particles having escaped from the rotating
gas mass to be recaptured by the central body of gases
where a higher percentage of oxygen is available for
burning. | |

It was found to be especially advantageous to locate the
secondary fuel nozzles 23 in such a manner that the
spacing thereof decreases in direction of gas rotation such
as 1illustrated in FIGS. 2 and 3. Furthermore it was
found to be of great advantage to introduce only a minor
portion of the secondary air in the immediate neighbor-
hood of the fuel nozzles such as by conduits 24 and pro-
vide the furnace with the remaining major portion of the
secondary air by way of the secondary air nozzles 23
circumferentially located between the fuel nozzles 16a,
16b, 16c, 16d and 17a, 17b, 17¢, 17d. As earlier pointed
out herein a further improvement resides in increasing the
secondary alr pressure, air flow and velocity in the sec-
ondary air nozzles 23 progressively in direction of gas
rotation.

It was found that the heavier fuel particles are most
likely to escape from the gas mass and that these particles

5 have a tendency of following a declining spiral path down-

wardly towards the bottom of the furnace. Accordingly
the invention provides for locating the secondary air noz-
zles 23 similarly on a line sloping downwardly at a
moderate pitch in direction of gas rotation, such as for
instance on a spiral line. | -

- In FIGS. 1 and 2 a fuel burning apparatus is illustrated
in which pulverizer or mill 18 supplies only two Oppo-
sitely arranged burner locations A and B, or burner noz-
zles 16a, 17a, and 16b, 17b, respectively. Likewise the
second mill 19 supplies fuel to the other two burner loca-
tions C and D comprising burners 16c, 17¢ and 16d, 174,
respectively.

Since in this type of firing the elevation of the fire ball
or flame envelope does not change with change of load,
secondary air outlets 23 are provided with dampers 30,
as shown in FIG. 4, which are hingedly supported on a
vertical axis 31, with these dampers and the opening of
the air nozzles being horizontally adjusted by means of
brackets 32 and rods 34.

- In FIG. 3, on the other hand, a fuel burning apparatus
18 illustrated in which mill 18 supplies the upper burners
16a, 16b, 16c and 164 of all four burner locations A, B,
C and D, respectively, and in which mill 19 supplies the
lower burners 17a, 17b, 17¢ and 17d of all four burner
locations A, B, C and D, respectively. Upon a reduction
in load such as by shutting down one of the pulverizers
15 or 19, the elevation of the fire ball in the furnace cham-
ber changes. Accordingly the secondary air outlets 23
are provided with dampers which are hingedly supported
on a horizontal axis, permitting not only the maintaining
of the outlet velocity of the air at lower loads but also
affording a possibility of changing the direction of the
secondary air streams from the horizontal. This is illus-
tratively shown in FIG. 5 with damper 36 being hinged
at 38 and with the damper as well as the secondary air
outlet opening being vertically adjustable by means of
bracket 32 and rod 40. | | |

From the aforesaid it is evident that I have provided
an improved cyclone type furnace for burning pulverized
fuel, in which corrosion of the wall surface due to exces-~
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~sive burning of the fuel along and adjacent the fiuid

cooled walls is largely prevented by one or more of the
follewrng features: - |

(1) Discharging the major .pnrtien. of the secondsry:_
air at locations and by way of air nozzles or air

~outlets located between the c1rcurnferentia]ly spaced
fuel burners;

~ (2) Locating the secendary air outlets on a line slrghtly

sloping downwardly in dlrectron nf gas rotation, or
| 10

~on a spiral line;

(3) Incressrng the secondary air velocrty, alr qusntrty'
‘or air pressure in the air nozzles in dlrectlon of gas

rotation; and
(4 Provrdmg the secendary air outlets wrth directional

dampers which are vertically or: horizontally hinged -
- depending on whether the elevation of the flame

envelepe in the combustion chamber changes or re-
mains stationary with a change in burning rate; and

-s,te‘e;ses* =

~ (5) Locating the secondary air outlets between each

pair of burner locations with the spacmg between -

the secondary air outlets decreasrng in dlrectrons of
gas. rotatron | |

‘While I have rllustrsted snd descrrbed two preferred
embodiments of my invention, it is to be understood that
such are merely illustrative and not restrictive and that

- variations and modifications may. be made therein with-
out departing from the spirit and scope of the invention.

- I therefore do not wish to be limited to the precise details
set forth but desire to avail myself of such changes as
~ fall within the purvrew ef my 1nvent10n

I claim:

20

- major secendsry air strea
a downward direction.

30

1. The method of burnmg pulverrzed fuel suspended- -

in air within an upright cyclone type slagging bottom
furnace chamber lined with heat absorbing tubes and
- being prevrded with a plurality of circumferentially spsced
- fuel nozzles in the upright wall of the chamber at a given

35

elevation, and air nozzles 1nterspaced between ssrd fuel

nozzles, the steps cemprrsrng -

(1) burning fizel in said chamber by 1ntrcduc1ng there-
into through said spaced fuel nozzles separate streams
of pulverized fuel suspended in primary air in direc-
fions tangential to an a
ing cylinder thereby producing a rnass of burning
and rotating gas and fuel particles;

40

xially oriented imaginary fir- .

45

" (2) introducing a minor porticn of the secondary air

into said ¢chamber in flanking relation with the enter-
- ing portlcn of each of ssrd tangenttally drrected fuel )

‘and primary air streams;

(3) 1ntroducrng at a ccntrollsble pressure the remain-
~ing major portion of the secondary air into said -
- chamber in streams at a plurality of points circum-
| rerentrelly spaced between two ed]ecent fuel s.nd |

- primary air streams. .
2. The method as defined in clarm 1, Wrth the edd:t-

" tional step of controllably deflecting said rna]or second-

ary air streams in ‘a horizontal plane.
3. The method as defined in claim 1, with the addi-

tional step of increasing said controllable pressure at said

plurality of points in direction of rotation of said mass of 60,

- gas and fuel particles.

B o
ﬁrrng cylrnder thereby producing a mass ef burnrng'
and rotating gas and fuel particles; | |
(2) introducing a minor portion of the secondary air
- into said chamber in flanking relation with the enter-
ing pcrtlcn ef each of sstd tsnﬁe*ttrally directed fuel
and primary air streams; | |
(3) introducing at a controllable pressure the Temain-
ing ms]er portion ‘of the secondary air into said

ferentrally spaced between two ad]acent fuel and pri-

. mary air streams, with the spacing of said secondary

air streams decreasing in direction of rotation. |
6. The method as defined in claim 5, with the addi-

_-ttonal step of contrcllsbly deflecting said ms]er secend-
15

ary air streams in a horizontal plane. | |

7. The method as defined in claim 5, with the addrtron-' _'
al step of rncreasng said controllable pressure at said plu-
rality of points in direction of rotation of said mass of

~gas and fuel particles.

8. The method as defined in clarnr 7_ in whtch sard |
1S are centrcllsbly deﬂected in

- 9. The method of burning pulverrzed fuel suSpended in

air within an upright cyclone type slagging bottom fur- o

nace chamber lined with heat absorbing tubes and being
prevrded with a plurality of circumferentially spaced fuel
nozzles in the uprrght wall of the chamber at a given
elevation, and air nozzles interspaced between ssrd fuel'

. nezzles the steps comprrsrng

(1) burning fuel in said chamber by rntreducmg there-: |
- into through said spaced fuel nozzles- ‘separate
~ streams of pulverized fuel suspended In pnrnary air
in directions tangential to an axially oriented ima-

ginary firing cylinder thereby producing a mass of -

‘burning and rotatmg gas and fuel partrcles |
(2) introducing a minor portion of the secondary air
into said chamber in flanking relation with the enter-
ing pertren of each of said tangenuslly directed fuel
and primary air streams; -
(3) mtreducmg at a centrollanle pressure the remaining
msjor portion of the secondary air into said cham-
ber in streams at a plurality of points circumferen-
| trslly spaced between two adjacent fuel and prrmsry'
air streams, said points being located on an 1rna ginary
‘spiral line descending from said elevation. -
10. The method as defined in claim 9, with the sddr— -

| -trensl step of controllably denectrng said major seeondsry o

55
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~ plurality of points in drrectren of rctstren of sald mass of_ |
~gas and fuel particles.

air streams in a horizontal plane

11. The method as defined in claim 9, wrth the addr- '
tional step of increasing said controllable pressure at said

12. 'The method as defined in clsnn 11, wrth the sdch-'

ttcn.:.l step of controllably deflecting said major seeondsry |
air streams in a downward direction..

~ 13. The method of burning pulverized fuel suspended; -

| “in air within an uprrght cyclone type slagging bottom fur-

4. The method as defined in clalrn 3, Wlth the addi-
tional step of centrellsbly deflecting said major second-

ary air streams in a downward direction.

5. The method of burning: pulverized fuel suspended in G
air within an uprrght cyclone type slagging bottom furnace

chamber lined with heat absorbing tubes and being pro-

vided with a plurality of circumferentially spaced fuel

- nozzles in the upright wall of the chamber at a given

~ elevation, and air nozzies 1nterspsced between said fuel -
. nozzies, the steps ccmnrlsrng |

(1) burning fuel in said chsrnber by “introducing

70

“through said spaced fuel nozzles separate streams of |

~ burning pulverized fuel suspended in primary air in o
75

directions tangentrsl fo an ax1elly crrented imaginary

65

. nace chamber lined with heat absorbing tubes and being
provided with a plurality of circumferentially spaced fuel
‘nozzles in the upright wall of the chamber at a given
elevation, and air nozzles mterspsced between said fuel

nezzles, the steps cemprrsmg

(1) burning fuel in said chamber by mtreduclng there-
‘into through said spaced fuel nozzles sepsrate streams

- of pulverized fuel suspended in primary air in di-
- rection tangential to an axially oriented imaginary =

firing cylinder thereby producing a mass of burning
‘and rotating gas and fuel particles; N
(2) introducing a minor portion of the secondary air
- into said chamber in flanking relation with the enter-’
ing pertren of each of said tangentrally dtrected fuel._
and primary air streams; = .
(3) introducing at-a cuntrolle‘ole pressure ‘the remarn—. |
ing major portion of the secondary air into said
chamber in streams at a plurality of points circum- |

chamber in streams at a plurality of points circum-
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ferentially spaced between two adjacent fuel and pri-
mary air streams, with the spacing of said secondary
air streams decreasing in direction of rotation and
begin located on an imaginary spiral line descend-
ing from said elevation.

14. The method as defined in claim 13, with the addi-
tional step of controllably deflecting said major second-
ary air streams in a horizontal plane.

15. The method as defined in claim 13, with the addi-
tional step of inmcreasing said controllable pressure at
said plurality of points in direction of rotation of said
mass of gas and fuel particles.

16. The method as defined in claim 15, with the addi-
tional step of controllable deflecting said major second-
ary air streams in a downward direction. |

17. In a pulverized fuel burning plant, a first and a
second source of pulverized fuel; a vertically elongated
combustion chamber defined by upright wall means; a
first and a second set of burners for discharging said
pulverized fuel in directions tangential to an imaginary
firing cylinder located within said chamber and having
a vertical axis, and for burning said fuel and producing
a rotating mass of combustion gases; said first sei of
burners being located in said wall means at a higher eleva-
tion than said second set of burners and being circum-
ferentially spaced; the burners of said second set likewise
being circumferentially spaced; a plurality of air inlet
means for introducing air for combustion into said cham-
ber; said plurality of inlets constituting a whole number

multiple of the number of burners in each set and being *

circumferentially spaced; conduit means for connecting
some of the burners of said first set to said first source of
fuel and the remaining burners of said first set to said
second source of fuel for delivery of fuel to said chamber;
conduit means for connecting some of the burners of said
second set to said second surce of fuel and the remaining
burners of said second set to said first source of fuel
for delivery of fuel to said chamber; and damper means
hingedly connected to said inlet means for rotation about
a vertical axis, whereby to deflect said air in directions
away from the vertical. |

18. In a pulverized fuel burning plant, a first and a
second source of pulverized fuel; a vertically elongated
combustion chamber defined by upright wall means; a
first and a second set of burners for discharging said
pulverized fuel in directions tangential to an imaginary
firing cylinder located within said chamber and having
a vertical axis, and for burning said fuel and producing
a rotating mass of combustion gases; said first set of

ot
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burners being located in said wall means at a higher eleva-
tion than said second set of burners and being circum-
Terentially spaced; the burners of said second set likewise
being circumferentially spaced; a plurality of air inlet
means for introducing air for combustion into said cham-
ber; said plurality of inlets constituting a whole number
multiple of the number of burners in each set and being
circumferentially spaced; conduit means for connecting
the burners of said first set to said first source of fuel for
delivery of fuel to said chamber; conduit means for con-
necting the burners of said second set to said second
source of fuel for delivery of fuel to said chamber; and
damper means hingedly connected to said inlet means for
rotation about a horizontal axis, whereby to deflect said
air in directions away from the horizontal.

19. In a pulverized fuel burning plant, a source of pul-
verized fuel; a vertically elongated combustion chamber
defined by upright wall means; a set of individual burners
located in said upright wall means, for discharging said
pulverized fuel in separate streams and directions tan-
gential to an imaginary firing cylinder located within said
chamber and having a vertical axis, and for burning said
fuel and producing a rotating mass of combustion gases;
the individual burners of said set being circumferentially
spared; a plurality of air inlet means for introducing
air for combustion into said chamber; said plurality or
inlets constituting a whole number multiple of the num-
ber of individual burners in each set and being circum-
ferentially spaced between said burners; the spacing of
said inlefs between said burners decreasing in direction
of gas rotation; said inlets being located on a peripheral
line sloping downwardly in direction of gas rotation:
conduit means for connecting the burners of said set to
said source of fuel for delivery of fuel to said chamber:
and damper means hingedly connected to said inlet means
for rotation about an axis, whereby to controllably de-
flect said air.
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